Purposes: This article addresses the topic of food fraud which has been so widely and variously reported over recent months and years. Its purposes are to set current experience into an historical context and to illustrate the tension between the science of deception and the science of detection. Approach: This is a desk study of published literature and historical documentation, together with interviews with those professionally concerned with detection and enforcement.
Introduction
Food fraud is big business. Its true extent is unclear but consumers are undoubtedly being cheated out of hundreds of millions of pounds each year in the UK alone:
When we have done surveys on individual foods the level of fraud is often around 10 per cent …The UK food sector alone is worth around £70 billion per year, so a small percentage of fraud can be worth a lot of money. The profit potential in selling and supplying less than was asked or expected is obvious. For example, meat processors have the technology to incorporate so much added water into cured meat products that more than half of what appears to be meat can be added water. Consumers will not know unless they are told, unless it is prominently and specifically declared on the label. This is not a legal requirement in either the UK or the USA. Added water in cooked or cured meat must be declared in the product name, but there is no requirement to declare the amount. 5 In the UK ‗Ye
Olde Oak' has recently been declared top for selling the lowest percentage of meat in its ham, which is 55% meat and 37% water, with additives including gums and polyphosphates, sugar and salt making up the remaining 8%. 6 The Food
Commission, 2005, reported:
the economic advantage for an individual producer and the overall loss to the consumer of adding water to meat and cured meat is staggering …Just 1% of undeclared added water in bacon and ham alone would amount to the annual consumption in the UK of 4,662 tonnes of water in the mistaken belief that it is meat. 7
Nothing New
In ancient Rome and Athens, there were laws regarding the adulteration of wines with flavours and colours. 8 In the thirteenth century France and Germany passed food control statutes and King John in England made a proclamation regarding penalties for the adulteration of bread. More extensive legislation regarding adulteration of human food was passed by Henry III. In the UK some of the commonly used food additives in the 18 th and early 19 th centuries were poisonous. To whiten bread, for example, bakers added alum and chalk to the flour and the weight of the finished loaves was increased with mashed potatoes, plaster of Paris (calcium sulphate), pipe clay and even sawdust. Rye flour or dried powdered beans could be used to replace wheat flour and the sour taste of stale flour was disguised with 5 In the USA cooked ham, for example, can be sold under four different names: ‗cooked ham,', ‗cooked ham with natural juices,' ‗cooked ham, water added,' and ‗cooked ham and water product -x% of weight is added ingredients.' As you go down the list of names, less and less real meat protein (‖minimum meat PFF percentage‖ protein fat free percentage) has to be in the product. For cooked ham and water products the minimum meat PFF is less than 17%. To such perfection of ingenuity has the system of counterfeiting and adulterating various commodities of life arrived in this country, that spurious articles are everywhere to be found in the market, made up so skilfully, as to elude the discrimination of the most experienced judges …The eager and insatiable thirst for gain, is proof against prohibitions and penalties; and the possible sacrifice of a fellow-creature's life, is a secondary consideration among unprincipled dealers. However invidious the office may appear, and however painful the duty may be, of exposing the names of individuals who have been convicted of adulterating food, yet it was necessary for the verification of my statement. the analytical reports, published in The Lancet, in so far as they concerned adulterated food and drink.
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Between January 1851 and the end of 1854, Hassall bought more than 2,500 samples of food and drink for analysis. Wakley gave him complete freedom and published his reports without changes or additions. He also undertook to bear any expenses that might be incurred as a result of legal action The Commission had been set up to report the:
records of the results of microscopical and chemical analyses of the solids and fluids consumed by all classes of the public …It will appear, on reflection, as somewhat remarkable that the interests of the public in these important particulars should not hitherto have been watched over and protected by any authorised body or commission …we propose then, for the public benefit to institute an extensive, and somewhat rigorous, series of investigations into the present conditions of the various articles of diet of the inhabitants of this great metropolis and its vicinity …the microscope and test tube throughout these investigations will be our constant companions …one highly important feature will be the publication of the names and addresses of the parties from whom the different articles, the analysis of which will be detailed, were purchased. The advantages of such a course of proceeding require no explanation.
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Unlike Frederick Carl Accum, 35 years earlier, ‗desiring to avoid all appearance of harshness,' 23 at first they just named the streets where the commodities were bought.
But they warned that three months later, if no improvement had been observed, they would ‗name and shame' the sellers thus:
the honest tradesman or merchant will also be benefitted; he has nothing to fear, but, on the contrary, much to gain, for while he will be able to secure fair prices for a genuine commodity, his name also will be made known to the public, and he will be upheld in his true light and character as an upright and honourable tradesman …the urchin who filtches a bun or a penny piece is punished but these dishonest traders and even poisoners go unpunished, an insult to common sense.
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Discussing ‗the nefarious practice of adulteration' they describe the chemical and biological structure of the ‗pure product' and then that of the substances added:
arrow root adulterated with potato, coffee with chicory, ‗exhausted' tea leaves dried and reused, milk commonly, even usually, watered and sometimes further 21 Henry Letheby, Medical Officer of Health for London, was also involved when adulterated drugs and medicines were analysed. and, from a hawker in the Whitechapel Road:
These cheroots were made up of two twisted wrappers or layers of thin brown paper, whilst the interior consisted entirely of hay, not a particle of tobacco entering into their composition. be surprising, given that such traders often seek to fill ‗niche' markets against supermarket competitors. In the second part of the survey, samples of fish described as ‗wild fish' were purchased to investigate the extent to which they actually were wild. Wild fish samples were purchased from supermarkets, fishmongers, fish auctions, and specialist food shops, and analysis was carried out using the extracted oil from samples of sea bass, sea bream and salmon. The results were then compared to the results in a database of authentic wild and farmed fish. It was found that about one in ten fish sold as ‗wild sea bass' and ‗wild sea bream', and one in seven fish described as ‗wild salmon', were farmed fish. Again, it is the science that leads the way. The analysts compared the samples, using the way that the different diets of wild and farmed fish alter the composition of the fatty acids within them, and the carbon, oxygen and nitrogen isotopic signatures of the extracted fish.
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Beef -food fraud involving beef takes at least two forms: gender and origin. Beef from male animals is commercially more valuable than beef from female animals. This is because cows are used for reproduction and are normally slaughtered only when older, when the length and rigidity of muscle fibres is increased and the level of collagen is higher resulting in tougher meat of lower quality and thus lower commercial value. Unscrupulous sellers sell the latter as the former. However, the In terms of organic farming in the UK, the key features are avoiding the use of artificial fertilisers and pesticides, and the use of crop husbandry to maintain soil fertility and control weeds, pests and diseases. 58 Controls on organic arable systems cover soil fertility, crop rotation, crop protection, organic seed and organic crop storage and in terms of livestock: feeding, housing, health management and the use of manures. 59 In the US, organic food is defined as food produced according to organic standards as defined by the USDA. 60 These cover crops grown without the use of conventional pesticides, artificial fertilizers, or sewage sludge, animals reared without the routine use of antibiotics and without the use of growth hormones, food processed without ionizing radiation and without the use of a wide range of food additives and food produced on all levels without the use of genetically modified organisms.
A key feature of consumers' increasing demand for organic produce is that it is outstripping the domestic agricultural industry's ability to supply. Therefore producers are masquerading 61 as organic suppliers and produce is being imported from sources where its provenance is uncertain. Short of frequent farm visits, there is no foolproof way to check whether a particular food on a supermarket shelf has been produced organically because there are so many different criteria and most are hard to verify scientifically. For example, synthetic fertilisers (banned in organic farming) are almost impossible to distinguish from natural ones: ‗Finding a test for organic food is the holy grail.' 62 Inspections and the visibility of paper trails are essential tools. Prosecutions are brought and reported: Stephen Sains, a butcher in Richmond, was fined for falsely labelling food:
…the worrying case of the honey roast ham, and the lamb and mint sausages, and the dry-cured streaky bacon, and the English lambs' liver, calves' liver, free range chicken breasts and fillet steaks. In fact, large quantities of the meat Stephen Sains was selling in his shop, Organic World, in the affluent borough of Richmond in south-west London, was not organic at all … He was fined £6,020 and ordered to find a new name for his shop which is fronted by a glass window proclaiming an engraved motto: 'Purity, quality, if at least 95% of the ingredients are organic. The catering sector will be excluded but this will be reviewed by 2011. 58 welfare' …(he) plans to rename his shop The Real Butcher, (and) was rumbled only because environmental health officers conducted a spot hygiene check.
Andrew Portch, who ran a stall under the banner Somerset Organics at Barnes farmers' market just up the River Thames, was found to have misleadingly labelled a number of premium-priced products, including cheese, sausages and game. This month, Portch was fined £3,130 and ordered to pay £1,870 in costs. His company's website promises: 'Here at Somerset Organics our core philosophy is to produce and supply the highest quality certified Organic food from the county of Somerset.
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The power of publicity is an enforcement tool in itself. But the science is catching up.
One of the criteria that define organic meat involves the use of antibiotics. Organic 
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'Free Range' -the term is used colloquially to mean something like ‗low stocking density,' ‗pasture-raised,' ‗grass-fed,' ‗old-fashioned,' ‗humanely raised,' ‗cage-free', ‗free running', ‗free-roaming', ‗naturally nested', ‗able to wander freely' and ‗wander at will' and ‗wander outside', yet definitions are few and often vague. Beyond inspection there is little that can be done to ensure that the ‗free range' requirements are met, although it has been suggested 68 that since egg shells are still quite soft when the eggs are laid, if they hit and perhaps bounce on the floor of a cage there will be marks which can be seen under fluorescent lamps.
‗Mixed' products -the nineteenth century scientists, Accum, Postgate and those published in The Lancet focussed on products which were wrongly described and, more often than not, adulterated. Their techniques have been refined so that the true content can usually be identified in the most sophisticated of products. The DNA testing that is used to identify rice varieties is used to spot beef, lamb, pheasant, turkey and pork, but it is not yet able to distinguish wild boar from pork:
The race in trying to identify methods of analysis to match the ingenuity of the adulterators is an ongoing race and a constant battle …Delays in developing and collaboratively testing such analytical methods in the past have been exploited by the adulterators as methods of analysis are often out of date by the time they are implemented and used for enforcement. 
Conclusion
So the world turns. In the nineteenth century there was a gradually building campaign in the UK which resulted in changes in the law and the appointment of public analysts. Today we have sparkling science. We have a ‗Task Force' in the UK. We have the law in place, but is it effective? Is it being enforced? One public analyst wrote recently:
routine sampling -to detect the watering of milk or high levels of fat in mince, for example -is in terminal decline. Imagine a town with a population of 300,000 and the number of different food products that those people eat at home, at work and at play in a day. On average only one of those foods will have been sampled for a public analyst to test for safety, nutritional content or authenticity. For every £100 spent on food by consumers, less than one penny is spent by local authorities on testing.
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Another analyst has pointed out that there are now only 39 Public Analysts in the UK and 27 of them are over 50 years of age. 
